Patients with osteoarthritis of the knee commonly alter their movement to compensate 22 for lower limb weakness and alleviate joint pain. Movement alterations may lead to weight-23 bearing asymmetries, and potentially in the progression of the disease. This study presents a 24 novel numerical procedure for the identification of sit-to-walk strategies and differences in 25 movement habits between control adults and persons with knee osteoarthritis. 26 Ten control and twelve participants with osteoarthritis performed the sit-to-walk task 27 in a motion capture laboratory. Participants sat on a stool, height adjusted to 100% of their knee 28 height, then stood, and walked to pick up an object from a table in front of them. Different 29 movement strategies were identified by means of hierarchical clustering. Trials were also 30 classified as to whether the left and right extremities used a bilateral or an asymmetrical 31 strategy. Participants with osteoarthritis used significantly more asymmetrical arm strategies 32 ( = .034), while adopting the pushing through the chair strategy more often than the control 33 subjects ( = .015).
Introduction 43
Movement alterations and neuromuscular adaptations in activities of daily living in 44 patients with knee osteoarthritis are well documented. Studies have reported such changes in To complete the sit-to-walk task, subjects were instructed to sit on a standard armless, 140 backless chair, height adjusted to 100% of knee height. If a participant was unable to rise to a 141 standing position, the chair was re-adjusted to 115% of knee height. Apart from a single 142 participant whose chair was re-adjusted, all other subjects performed the task with the chair at 143 100% of knee height. Similarly to Dolecka et al and Farquhar et al, 22, 42 a table with a target   144 object was placed three meters in front of the chair. The participants were instructed, on the 145 count to three, to stand up, approach the table and pick up the target object. Participants were 146 asked to perform the task in a natural manner similar to standing up from a chair at home to 147 pick up a glass of water from the table in front of them. No other instructions were given. Up 148 to five trials of the task were recorded per participant.
149
Data processing: For each recorded trial, two frames, 1 and 2, were chosen to 150 characterise the initiation and endpoint of the movement strategy. Frame 1 depicted the 151 participant preceding the sit-to-walk movement, whilst frame 2 was chosen to reveal the 152 strategy that the participant used between 1 and 2. Frame 2 exists before gait initiation, 153 discounting changes due to side dominance, i.e. left or right leg first to walk. Whole-body 154 centre of mass trajectory and vertical velocity along with the mediolateral ground reaction force 155 may be used to identify the phases of the continuous sit-to-walk movement 43 and select the 156 desirable frame(s) 1 and 2. In this study, the drop in the vertical centre of mass trajectory at 157 the beginning of the movement was used to determine the aforementioned frames 1 and 2.
158
Marker trajectories were filtered using a 4 th order Butterworth filter with a cut-off frequency 159 of 6 Hz.
160
Global coordinates of the markers were determined at 1 and 2 for all trials. The 161 following variables were calculated between 1 and 2: the angle of the trajectory of the torso 162 marker projected in the sagittal plane with respect to the horizontal; the horizontal distance 163 moved by each foot marker in the sagittal plane normalised by body height; the horizontal distance moved by each hand marker in the sagittal plane normalised by body height; the 165 relative , and position of each hand with respect to the lateral epicondyle of the ipsilateral 166 knee normalised by body height. Normalising functions under the assumption that segment 167 lengths are analogous to total body height. 44
168
The variables were organized into four separate matrices corresponding to the torso 169 angle (2 × 61), foot movement (2 × 122), hand movement (2 × 122), and the relative 170 position of hands with respect to the knee (4 × 122). The first row of each matrix contained a 171 concatenation of the participant identifier (A-J: control group, K-V: osteoarthritis group), trial 172 number (1 − 5) and, except for the torso matrix, sidedness ( ).
173
Matrices were submitted to HC (IBM SPSS) separately. Ward's method and Euclidian 174 distance were chosen as the agglomerative algorithm and distance measure respectively. The 175 combination of strategies each subject used to complete the sit-to-walk movement derives from 176 summation of the strategies identified from each distinct HC. Fisher Exact tests were used to 177 compare the two groups for strategy preference and to assess the level of movement symmetry 178 in each group. Significance was set at = .05.
179

Results
180
The dendrogram obtained from the clustering of the torso matrix suggests the existence 181 of two major clusters separated by a dashed line ( Figure 1 ). This is confirmed by the change in The strategy each subject used to complete the task, derives from the accumulation of 204 the various extremity strategies identified through the clustering process (Table 2) over their knees, hence, those movements were linked to the push knee strategy.
Patient participants adopted the push chair strategy more frequently than the control 213 group ( = .015) (Table 3) . Conversely, control participants potentially have a tendency to 214 favour the push knee strategy however, the difference between groups was non-significant ( = 215 .097). There was no difference between groups in the frequency of use of such feet strategies, 216 ( = .205). On the other hand, patients with osteoarthritis used considerably more 217 asymmetrical arm strategies ( = .034), while the control group adopted more bilateral arm 218 strategies ( Table 3) . the trials by the control group in this study compared to 100% previously reported. 22 The foot 226 backward strategy was observed in 34.6% of the control trials in this study compared to 33.3% 227 reported by Dolecka et al. 22 Other similar strategies are observed in this, and the 228 abovementioned study 22 with similar frequencies: pushing through knees in 46.2% and 36.6% 229 of the control trials; no arms used in 23.1% and 20%. The scoot forward may also make the 230 task easier, 22, 25, 45, 46 however, this type of movement was not adopted by healthy older adults. 22
231
Our analysis cannot identify this strategy since the progression of the pelvis was not considered 232 when constructing the matrices. Nevertheless, this strategy is infrequent and can be excluded Presumably in the present study, the movement dissimilarities that were detected between 274 people with and without knee osteoarthritis, may be credited to both age and obesity, and their 275 association in the progression of joint disorders. 52 Nevertheless, the presence of asymmetric 276 behaviour in the movement of people with knee osteoarthritis (Table 3) , is most likely 277 attributed to the negative impact of pain in the degenerative joints of the patient participants.
278
The selection of the similarity measure and the clustering algorithm can also be viewed 279 critically. The Euclidean distance as a measure of similarity between a pair of objects can be 280 interpreted as the physical distance between two points in the Euclidean space. 35 In an example 281 of measuring the similarity between the progressions of extremities in an axis of motion, the 282 Euclidean distance has the fitting property that the pair of extremities with the smallest 283 dissimilarity have moved almost equally on that axis. As regards the clustering algorithm, In conclusion, the proposed procedure managed to classify the participants based on the 288 combination of distinct movement techniques used to fulfill the sit-to-walk movement. By 289 means of the proposed methodology, it was possible to identify the five major strategies already 
